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1 ABSTRACT

It's been a while since people have awarenesseoétivironmental impact of climate change, espgciall
mountain settelements of Taiwan. Extreme heavyipitaton event was very rare in the past, we rasaw

a disaster occurrence that affect the daily lifehafman beings. However, due to the impact of ckmat
change, the occurs of extremely heavy precipitagients in Taiwan are more and more frequent irpp#se

20 years. From once every few years to nearly amtimes a year, including heavy rain and typhomre
summer and autumn. Taiwan has special geograpfaiclrs: narrow land, densely populated, and a high
density of streams. If the slope is greater thaegrees or the elevation is greater than 100nveiien is
regarded as a mountain area. Such an area ocalmes 70% lands of Taiwan, and there are many old
settlements and aboriginal tribes living here. Diest-known disaster event was the typhoon Morakot i
2009, it caused serious flooding, mountain crashang landslides in many areas of Taiwan. Thesestliss

in mountain settlements are the most serious, dmfuroad blockage, house inundation, water and foo
shortages, etc. After the typhoon Morakot, Peogferrto “the situation in which mountain settlenseate
blocked due to climate phenomena" as an "isola@ffiect" due to plenty of news reports. Mountain
settlements that have an isolation effect are ilikebitants of isolated islands on the sea. ItfEadilt for
local residents to save themselves, and it is taabtain external rescue resources. Because ofaheal
landform and special socio-economic environmemhofintain settlements, we need to pay attentiomdb s
problems occur.

The collection of “isolation effect” data is fronohestic news reports, from 2000 to October 2021otAl

of 326 disasters had occurred in 151 villages(Elellis larger than that of the settlement bectus@ews
media mostly reported the disaster situation invihage as a unit). The severity of the disasterges from
mild to severe, there were also many villages whieeeisolation effect had repeatedly occurred ffedént

years.

This study attempts to integrate and analyze thight®of the isolation effect from past studieshid stage,
the historic isolation effect villages have beetitsipto 270 historic isolation effect settlementEhe
indicators include general isolation effect, haza®posure, and vulnerability. Then, the weighttiod
analyzed indicators is used to determine the @B8rmountain settlements in Taiwan. Looking forwerd
clarifying the potential degree of isolation efféftht may occur in the future, and providing ithe public.

It is hoped that such a demonstration will allove thovernment to carry out more disaster reduction
measures for mountain settlements, and local retsidmn also have considerable disaster awareméssit
homes. In the future, climate change will be mdreupt, but mountain settlement residents can alscaind
work in peace.
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2 INTRODUCTION

The Intergovernmental Panel on Climate Change (lR€ealed in its sixth report on climate changs th
compared with pre-industrial standards. The glaaface temperature from 2011-2020 has risen by 1.0
degrees, including more severe polar ice melt,eextr rainfall, and marine heat waves, which can be
described as an "era of climate emergency." (PorfReberts, Trisos, & Simpson, 2022) For every 1°C
increase in global warming, the global extremeydainfall event is estimated to increase by aby8at The
global proportion of severe tropical cyclones ahd tmaximum wind speeds of the strongest tropical
cyclones are projected to increase. Heavy rairfiadl associated flooding events are expected tonieco
more intense and frequent across the Pacific Island many parts of North America and Europe. (FCCI
2021) Disaster events derived from extreme climagéspecially heavy rains, have a severe impact on
mountain settlements. However, due to the limitatdd various factors, the benefits brought by divas
management strategies in mountain settlements feegr ohallenging to quantify, resulting in ineffeet
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implementation.(Vorhies, 2016) The typhoon Morakot 2009 caused many mountain settlements to
collapse, the roads were interrupted, and theesetthts needed to evacuate immediately.

The term "isolation effect" is precise becausegratie 2009 Morakot typhoon, many news media used t
term "isolated island" to describe the isolated hafpless mountain settlements in Taiwan. Everr dfie
2015 typhoon Soudelor hit the mountain settlemémt$aiwan hard again, research and discussions on
Taiwan have launched one after another: disastemtiftcation and countermeasures and strategies in
isolation effect areas. There is no complete difimiof "isolation effects" in academics. For exdepfan
(2016) defines it as an "isolation effect” when éxéernal roads and bridges in a specific areanéeerupted

or closed and cannot pass through; Ting (2012) gweg that this area has an isolation effect where
communications are interrupted, roads are damagetbroken bridges; Lee (2012) pointed out thatnadne
settlement is in a disaster, roads, bridges, ornmomications with the outside world cannot be used o
interrupted, making it impossible for the settletnEncommunicate with the outside world. Based loa t
above description, the "isolation effect" is theurtence of six situations: circuit breakage, wataoff,
power cutoff, signal cutoff, credit cutoff, and aftfood.

Furthermore, in addition to discussing the idecgifion of isolation, there should also be diffeesn the
investment sequence between "isolation effects" ‘alishster isolation effects.” Mountain settlements
isolated and helpless due to road interruptionablénto receive immediate assistance or lack teanpor
self-rescue ability, that is, the "disaster isaateffect." The isolation effect event refers te ttlentification
mentioned above, which belongs to the "externarimédium damage" other than the settlement itself.
contrast, the disaster isolation effects refehtodisaster and damage to the settlement itselfrendamage
to the external intermedium. The urgency of investhin "disaster isolation effects" is more sigrdfit than
"isolation effects" because the situation of furtbee is prone to direct damage such as industnjzdct and
residents' safety concerns due to their socialemoethomic vulnerability and the relative disadvastagthe
natural environments. Therefore, under the idematifon of these two types of isolation, their redje
isolation effects indicators and corresponding atenchange strategies are also different.

Under the threat of extreme weather, there areethreas in Taiwan that are likely to face highsasker
risks, including: urban communities with high pagtidn density and rapid development, coastal valoler
and severely subsided rural communities, and highlinerable and sensitive mountain settlements.
(Technology, 2014) Mountainous settlements aretéatan the border areas of human life circles. In
addition to high environmental disaster exposuneytalso have relatively fragile social and ecomomi
resilience and are more affected by climate chahnge other regions. Therefore, how to adjust messiar
local conditions for highly vulnerable and sengtisituations such as mountain settlements is & thpit
should be discussed and acted upon urgently indrainthe near future.
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Fig. 1: Historical isolation effects (151 villageEjg. 2: Spatial distribution of historical isdtat effects (270 settlements).
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3 HISTORICAL ISOLATION EFFECTS AND EVALUATION METRICS

This study collects past research (Pan, 2016)ahdeonews about the isolation effect incidents aivilan
from January 2001 to October 2021. Further, analljeecauses of disasters in historical isolatideot$
events and the socio-economic and natural condhiorof the neighborhood to which the isolation affe
belongs. There were 326 spots that happened @olaffects and distributed in 151 villages. Ovemwie
them, With an overview, we found that from 2002697, there were three isolation effect inciderishan
Lishan village and Boai village in the Heping Distrof Taichung; 2008 to 2014, there were five aian
effects incidents each in Shenmu village in theyKDistrict of Nantou and Fuxing village, Qinhe laide,
Tangaanua village of Kaohsiung; 2015 to 2021, therse seven isolation effects incidents each inirgux
village, Lavulan village, and Meishan village of dfiung.
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Fig. 3: Isolation effects occurrence trend for gear

Lishan village and Boai village in Taichung City ieaespectively affected by Typhoon Mindulle, Typho
Krosa, and one torrential rain. They caused ismhadiffects. The disasters are mainly in the forndedfris
flow and landslides, causing broken bridges, roddid®llowing out, and falling rocks.Shenmu villagfe
Nantou and Fuxing village, Qinhe village, and Tamga village of Kaohsiung were affected by Typhoon
Morakot, Typhoon Parma, Typhoon Soulik, Typhoondis@yphoon Saola, and some torrential rains. The
disasters were dominated by landslides, floods,thaediestruction of access roads, bridges, housads,
etc. occurred one after another.Fuxing village, Ulan village, and Meishan village of Kaohsiung were
affected by Typhoon Nepartak, Typhoon Chanthu, aaherous torrential rains. The forms of disaster
include floods, debris flows, and skyrocketing ains, including the continuous washing out of imgoirt
connecting bridges, hollowing of roadbeds, falliogks, and resource interruptions.

This study collects past research on isolationcedfer mountain disasterancluding National Fire Agency
(2021), (Wu & Huang, 2018), Tsai (2016), Chen (90Pan (2016), (Chang & Wang, 2015), Huang (2014),
Lin (2008), and Yang et al. (2010). Roughly, thans index can be divided into six dimensions, slapd
elevation, disaster, road and bridge, criticaldsfructure, social economy, and others. Sincephtas scale
unit of this study is set as "settlement”, consiggthe limitation of data acquisition, this stusiglects five
dimensions to evaluate the potential location ofaison effects, as well as the disaster isoladtiacts that
comprehensively accommodate the risk drivers oatthzxposure, and vulnerability.

4 RESEARCH DESIGN

4.1 Research Conception

First of all, it summarizes the "isolation effe@Valuation indicators based on historical isolatédfect
events and brings risk dimensions to constructstisasolation effect assessment indicators. Taeinhigh,
medium, and low potential standards based on kgaldsolation effect events, based on the entioeimain
settlements in Taiwan, overlap the disaster ismtaéffect index, and find out where will becomeadigr
isolation effect settlements. The purpose of tegearch is to interpret high-potential disastdatgm effect
mountain settlements based on historical isolaifect event as a reference for future disasteragament,
mitigation, and adaptation key areas.
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Preliminary definite the Secondary assessment of the Infer “Poor resilience of
”Potential isolation effects” of “Disaster isolation effects in disaster isolation effects” of
mountain settlements potentials” of mountain settlements mountain settlements

Disaster Isolation Effects
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Hazard
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Fig. 4: Research process.

4.2 Study Area- Mountain Settlements

Taiwan is located at the intersection of Northé®ssih and Southeast Asia. Due to the mutual extrusio
the Eurasian plate and the Philippine Sea platmgemy has developed. The area of the mountairmsdgs
than that of the plains, and its area ratio is &alFoB. Although the plains are suitable for humaiitation
and development, there are still many residentsaadiginals living in mountainous settlements rizany
years. (Tsai, 2016) According to article 3 of ti&cdpe Land Conservation Regulations”, a hillsidella an
area with an elevation of more than 100 metersnoarg@a with an elevation of fewer than 100m and an
average gradient of more than 5%. ,Settlement” galyerefers to the aggregate of many residentiaides

in the hillside area or the distribution area whtre population lives in a concentrated mannerclvhi
includes infrastructure, and life-sustaining pipe$, and is sufficient to provide the living resmas of the
residents in the settlement. (Chang & Wang, 2015)

Consequently, This research refers to the pringipientioned earlier of mountain settlements: anaetisan
elevation above 100m or an elevation less than 180han average slope of more than 5%; an aggregate
composed of many residential houses in a hillsida,aor population agglomeration areas.

4 .3 Index of Isolation Effects

Internationally, disaster risk is defined as thegilility that a hazardous event will cause negaitivpact or
to a place or a system. The size of disaster rgledds on factors such as hazard, exposure, vhilitgra
and adaptation capacity, while the probability godsibility of occurrence are implicit in the thriaetors

above. That is to say, a place, system, or objest ime expose to a hazard event, it has the cbhasiics of

being vulnerable to adverse effects, and incapaftilesponding to this hazard event. All the threrditions

must be met to cause a disaster to occur.

Based on historical isolation effect events andaitsmn effect indicators proposed by previous redeess,
this study aggregates and constructs "generaltégblaland index" and "disaster isolated islandceikidand
further subdivides the disaster isolated islandexnihto three major categories: hazard, exposund, a
vulnerability according to the risk structure. Tgge evaluate key indicators of island incidents.
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Potential isolation Evaluation Based on Selection
effects index standards
Average slope >5 degregs Slopeland conservatafinite” Mountain settlements”

and utilization act

=

Mean elevation >100m
The number of the =1 K-means 1 of historical Definite the” Potential isolation effects” ¢
access roads isolation effects mountain settlements
The number of streams=2 K-means 1 of historica
pavement&bridges isolation effects
Table 1: Potential isolation effects index.
Hazard index Evaluation Based on Selection
standards

The ratio of slope
disaster potentials to th
settlement area

High potential:
€>0.1083606080%

Low potential:

>0.0132916953%

K-means of historica
isolation effects

The ratio of geologically
sensitive areas to th
settlement area

High potential:
€>0.7223782528%

Low potential:

>0.0754282799%

K-means of historica
isolation effects

The ratio of flood
potential areas to th
settlement area

High potential:
£>0.0022938737%
Low potential:
>0.0000022209%

K-means of historica
isolation effects

The ratio of potential
debris flow torrents ta
the settlement area

High potential:
>0.0555677995%
Low potential:
>0.0287269599%

K-means of historica
isolation effects

Standard of low potential hazard isolation
effects: conform any one of the low potentig

assessment criteria

Standard of high potential hazard isolation
effects: conform any one of the high potential

assessment criteria

If none of settlement meet any one of criter|a,

it is "nonpotential”

Table 2: Disaster isolation effects index (Hazard).

Exposure index

Evaluation
standards

Based on

Selection

The number of slope
disasters

b >2

Average of historica] Standard of low potential exposure isolatior
effects: conform any one of the low potentia

isolation effects

The number of protecte
residents

d>14

Average of historical
isolation effects

The number of acces
road points exposed ft
landslide risks

s>5
o]

Mode of historical
isolation effects

assessment criteria

Standard of high potential exposure isolatign
effects: conform any two of the high potential

assessment criterias

If none of settlement meet any one of criter|a,

it is "nonpotential”

Table 3: Disaster isolation effects index (Expoyure

Vulnerability index

Evaluation
standards

Based on

Selection

Old age
ratio(Village)

dependenc

y>23.07611111%

Average of historicafStandard of low potential vulnerability
isolation effects: conform any three of the

isolation effects

Household income pe
year(Village)

r<682.5087778

Average of historic
isolation effects

riterias

B1f none of settlement meet any three of

criteria, it is "nonpotential”

Shelters(700m) =0 K-means of historigal
isolation effects
Shelters suitable for =0 K-means of historical

weakness

isolation effects

Table 4: Disaster isolation effects index (Vulnéiigh).
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5 RESULTS

This study uses the average slope and mean elevatidetermine whether a settlement belongs to the
mountain settlement identified by this researche Freliminary result is that there are 360 mountain
settlements in non-historic isolation effects inWan. Further based on the screening indicatoisatétion
effects: the number of the access roads and thdewaf streams pavements and bridges. Finallyteh ob
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Settlements + Building land

+Potential isolation effects index (Average
slope, Mean elevation)

+Exclude historical isolation effects

4

Potential isolation effects index
(Access road, streams pavement & bridge)

4

Hazard index + Exposure index

High potential 8 spots

Medium-high potential 19 spots
50 spots
47 spots

Medium potential
Low potential

N\

g

Potential isolation effects minus
Disaster Isolation Effects

4

High potential + High vulnerability
— 4 spots High-risk disaster Isolation Effects

Medium-high potential + High vulnerability
— 11 spots Medium-high-risk disaster Isolation
Effects

Fig. 5: Evaluation process of isolation effects.

186 potential isolated islands are obtained.

The study found that there are 8 settlements wiigh Ipotential disasters, most of which are located
mountainous areas such as Hsinchu County, MiaolinG0 and Pingtung County; 19 settlements with
medium-high potential disasters, mainly in Jiarihivnship, Hsinchu County, and Tai'an Township, Miao

0 15 30

®

/ ® Potential locations
» [ Couny

Csri, CGIAR, USGS

60 km

Fig. 6: Potential locations of isolation effects.

County. In addition, there is also Datong Townshij¥ilan County.

B
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Last, 47 settlements with low potential disasteaes mostly distributed in the mountainous areas efvN
Taipei City. There are also distributed in Fuxinigtbct, Taoyuan City, Jianshi Township, Hsinchuu@ty,

and Dongshi District, Taichung City. Settlementatthre not mentioned in the preceding paragraph are
general isolation effect spots, with a total ofsg®tlements.

N N

s s

High potential settlement

County
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Fig. 7: High potential disaster isolation effedtg.

8: Medium-high potential disaster isolatiofeefs.
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Fig. 9: High-risk disaster isolation effects. Fi§): Medium-high-risk disaster isolation effects.

At the end of this study, "vulnerability” was ustdanalyze the resilience of isolated islands. fidwilts
showed that 4 isolated islands with high poterdiahsters and 11 isolated islands with medium agh h
potential disasters had low resilience. A total 1&f settlements need to be given an overall review
immediately within a certain period of time. Whatidk of response mechanism does it have to dealtivith
threats brought by climate change disasters? Fampbe, have they signed an opening contract fod roa
maintenance? The residents of the settlement have khey all received education and training relae
disaster prevention and relief? What are the ressiewareness and attitudes towards climate change
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disasters? Does the settlement have appropriateopirpoints and helicopter landing sites? Does the
settlement have food and drinking water reserve8, e

6 CONCLUSION

This study attempts to use the potential isolatedfects index, hazard index, exposure index, and
vulnerability index to evaluate mountain settlensethe research shows that there are 8 high patenti
disaster isolation effects areas, most locatechénnountains of Hsinchu, Miaoli, and Pingtung Cgunt
medium-high potential disaster isolation effectsagrare about 19 settlements, mainly distributeliainshi
Township, Hsinchu County, and Tai'an Township, MiaGounty. Comprehensively analyzing the
"Vulnerability" of isolation effects shows that étdements with high-risk disaster isolation effeand 11
settlements with medium-high-risk disaster isolatidfects have low resilience. Therefore, it isessary to
conduct a comprehensive review of these 15 mousttitements in order to mitigate the impact ofexie
disasters caused by climate change on mountalersetits.

The scale of the study area is mainly based omeswthts to explore a more realistic aspect angle on
isolation effects in this study. However, it isfoti@ilt to collect data at the settlement level la& present
stage, especially the vulnerability index; dateeiatively limited.

Once the isolation effect occurs in mountain settiets, it will significantly impact the local ardae to its
high disaster exposure and relatively fragile doe@nomy. Thence, applying "Co-benefit" can halp t
enhance the additional benefits of Disaster Riskhd¢@ment (DRM), such as the natural environment,
human settlement environment, and economy.
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